In eukaryotic species, growth and division are coupled at Start (Restriction point in metazoan), 7 1 the point in late G1 at which the cell commits to the next round of division (Jorgensen and Tyers To elute small cell size mutant fractions, the pump flow rate was increased in a step-wise fashion 1 3 8
(in 2-4 mL/min increments). For each flow rate, a volume of 250 ml was collected from the 1 3 9 output line of the rotor. System (Promega). Bar-seq data was processed as following: after filtering out low frequency 1 4 9 barcode counts, the complete set of replicate barcode reads were normalized using a cyclic loess 1 5 0 algorithm (R package "limma"). Reads from individual elutriation fractions, relative to the pre-1 5 1 elutriation population, were further M-A loess normalized and converted to Z scores. were performed using custom R scripts. Critical sizes of cln3/CLN3, cdc28/CDC28 and sch9/SCH9 mutants were determined using 1 6 5 budding index as a function of size. G1 daughter cells were obtained using the JE-5.0 centrifugal 1 6 6
elutriation system (Beckman) as described previously (Tyers et al. 1993) . C. albicans G1-cells 1 6 7
were released in fresh YPD medium and fractions were harvested at an interval of 10 min to 1 6 8 monitor bud index. Additional fractions were collected to assess transcript levels of the RNR1 1 6 9
and ACT1 as cells progressed along G1 phase. A total of 10 8 G1 phase cells were harvested, released into fresh YPD medium and grown for 10 1 7 3 min prior to harvesting by centrifugation and stored at -80°C. Total RNA was extracted using the 1 7 4
RNAeasy purification kit (Qiagen) and glass bead lysis in a Biospec Mini 24 bead-beater as 1 7 5 previously described (Sellam et al. 2009 ). cDNA was synthesized from 2 µg of total RNA using GGTGCAACCAACAAGGAGTT-3'; ACT1-forward 5'-GAAGCCCAATCC AAAAGA-3' and 1 8 7 ACT1-reverse 5'-CTTCTGGAGCAACTCTCAATTC-3'. Gene ontology (GO) term enrichment of size mutants was determined using the Generic GO Table S1 were extracted cyclin Cln3 G1 and its associated cyclin-dependant kinase Cdc28 heterozygous mutants were 2 0 4
examined. Both cln3/CLN3 and cdc28/CDC28 showed an increase of size as compared to their 2 0 5 congenic parental strain with a median sizes 13 % (59 fL) and 19 % (62 fL) larger than the WT 2 0 6 1 0 strain (52 fL), respectively ( Figure 1A) . As in S. cerevisiae, sch9/SCH9 exhibited a reduced size 2 0 7 of about 23 % (40 fL) as compared to WT.
0 8
Two hallmarks of Start, namely SBF-dependent transcription and bud emergence, were delayed 2 0 9
in both cln3/CLN3 and cdc28/CDC28 and accelerated in sch9/SCH9 demonstrating that the 2 1 0
Cln3-Cdc28 complex and Sch9 regulate the cell size threshold at Start. The cln3/CLN3 mutant 2 1 1 passed Start after growing to 92 fL, 24 % higher than the parental WT cells, which budded at 74 2 1 2 fL (Figure 1B) . Similarly, cdc28/CDC28 reached Start at 105 fL which is 41 % higher than WT. The onset of G1/S transcription was delayed in both mutants as judged by the expression peak of 2 1 4 the G1-transcript RNR1 (Figure 1C) . The small mutant sch9/SCH9 passed start at 30 fL, a size 2 1 5 60 % less than the WT and displayed accelerated G1/S transcription (Figure 1B-C) . A high-throughput screen for cell size haploinsufficiency
To identify all dosage-sensitive regulators of size in C. albicans, a genome-wide screen was 2 2 1 performed where pooled mutants were separated based on their size by centrifugal elutriation 2 2 2 and their abundance determined by Bar-seq. This method has been previously validated in S. (Figure 2A ). In the current study, we screened a ( Figure 2B) . Small cells and corresponding small deletion mutants are enriched in these 2 3 0 fractions, while large cells strains are depleted. To determine mutant abundance in each fraction, 2 3 1 genomic DNA of each pool was extracted and barcodes were PCR-amplified and sequenced.
3 2
Abundance of each mutant in each fraction was appreciated by calculating the ratio of elutriated 2 3 3 cells counts over counts of pre-elutriated cells. To identify mutants with size defects, a two-step filter was applied. First, a size cut-off value was 2 3 6 determined based on a benchmark set of conserved small (sch9/SCH9) and large (cln3/CLN3 and 2 3 7 cdc28/CDC28) sized mutants for which size was reduced or increased at least 12 % as compared 2 3 8
to the parental WT strain. Second, a normalized z-score of 1.5 and -1.5 was used to identify both 2 3 9 small (whi) and large (lge) size mutants, respectively. A total of 12 size mutants were excluded 2 4 0 from our analysis since they were found in both whi and lge datasets. Microscopic examination 2 4 1 revealed that these mutants grew predominantly as pseudohyphae. Based on these criteria, we 2 4 2 identified 685 mutants that exhibited a size defect in both elutriated fractions. This includes a 2 4 3 382 whi and 303 lge mutants ( Table S1 ). As expected, cln3/CLN3 and cdc28/CDC28 mutants 2 4 4
were identified as lge mutants while sch9/SCH9 was found among the smallest mutant in the 2 4 5 elutriated pools. A total of 15 whi and 15 lge mutants were randomly selected and their size was size defect in all 40 mutants examined (Table S2 ). Gene Ontology (GO) enrichment analysis revealed that mutation in genes related to rRNA 2 5 1 processing and ribosome biogenesis confer small cell size, while mutations of cell cycle genes 2 5 2 1 4 common. In fact, genes with reciprocal size phenotypes were similar in frequency (the whi 2 9 9 mutants rpt2/RPT2 and pkc1\PKC1 in C. albicans had lge phenotype in S. cerevisiae).
Interestingly, the corresponding homozygous deletion mutants of many C. albicans 3 0 2 haploinsufficient size genes were shown to be required for virulence. A total of 69 size genes 3 0 3
(representing ~ 10%), including 47 small and 22 large size mutants, in our dataset were linked to 3 0 4 C. albicans virulence or adaptation in the human host (Figure 2E) . This suggests that cell size is Indeed, we have previously shown that the whi transcription factor mutant ahr1 had attenuated While the link between C. albicans size and virulence remains uncharacterized, many 3 1 6
investigations reported that many other fungal pathogens such as Cryptococcus neoformans and 3 1 7
Mucor circinelloides adjust their cell size to access to specific niche in the host or to escape from Gray cell type has unique virulence characteristics, with a high ability to cause cutaneous 3 2 5
infections and a reduced capacity in colonizing internal organs such as kidney, lung and brain. Taken together, these lines of evidence emphasize the possible link between cell size and C. In summary, we provided the first comprehensive genome-wide survey of Cln3) and biological processes (ribosome biogenesis and cell cycle control) required to maintain 3 3 5 size homeostasis in this opportunistic yeast. We also identified novel C. albicans size specific 3 3 6 genes and provided a conceptual framework for future mechanistic studies. Interestingly, some 3 3 7
of the size genes identified were required for fungal pathogenicity suggesting that cell size Mol Syst Biol 10:761. to ACT1 levels. albicans genes haploinsufficient for cell size and those affecting virulence phenotypes. Avirulent 
